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1 SPACE

Important Terms

black hole - a region in space where no radiation is emitted

cislunar space - the space between the Earth and the Moon

constellation - a grouping of stars, named after mythical figures and animals

galaxy - an enormous collection of stars arranged in a particular shape

interplanetary space - measured from the center of the Sun to the orbit of its outermost planet
interstellar space - the distance from one solar system to another

microgravity - small gravity levels or low gravity

nebulae - giant cloud of dust and gas

pulsar - pulsating star that flashes electromagnetic emissions in a set pattern

space - region beyond the Earth's atmosphere where there is very little molecular activity

star - a body of hot gases

universe - everything is part of the universe; stars, planets, galaxies, animals, plants and humans
Van Allen belts - radiation belts filled with charged particles

Since the beginning of time, man has looked to the stars with awe and wonder. Our universe has
always fascinated scientists and other observers. What was once unexplored territory has now become
the new frontier. Many expeditions, missions, satellites and probes have traveled into this
overwhelming vastness we call our universe, in search of knowledge and understanding.

When we talk about the universe several words may come to mind. Many people think of words
like, space, stars, planets and solar systems. This volume on the space environment will define these
terms and give you a basic understanding of our universe.

You might wonder why this is important. Well, all of our volumes have been talking about
aerospace, and space is certainly a part of this overall concept. We are no longer limited, in our thinking
or achieving, to the immediate area of Earth's atmosphere. For years, travel has occurred beyond that
scope. The US has participated in manned satellites for years, and now our missions include stops at
space stations. American astronauts have stopped at the Russian space station Mir and helped them.
Missions now involve astronauts staying in space for extended periods of time. It is conceivable that
some of us could indeed travel to space during our lifetime. So, let's take a brief look at some basic
information that we should know in our quest for learning about our space environment and the
universe.

SPACE IS A PLACE

First, space is a place. Itis the region
beyond Earth. It is part of the universe
beyond the immediate influence of Earth
and its atmosphere. This does not happen
at a particular point, but rather happens
gradually. You may have heard space
described as a void or a vacuum, but no
place in the universe is truly empty.
Eventually the molecules and atoms
become so widely spaced that there is no




satellites, a huge belt of asteriods, charged particles, magnetic fields, dust and more. This interplanetary
space is often referred to as the Solar System. Then, interstellar space is the distance from one solar
system to another.

Now, we know a little about what space is like. We should remember that space is a part of the
universe. The universe is the all-encompassing term that includes everything. Although the universe
includes plants, animals and humans, we want to talk about the part of the universe that includes stars
and galaxies.

The universe contains many galaxies. Our sun, which is the center of our solar system, is but a tiny
spot in our galaxy (We will talk about the sun and the solar system in the next chapter). In fact, there are
200 billion suns in our galaxy, and our galaxy is just one of millions of galaxies. The smallest galaxies
have about 100,000 stars, while the largest have about 3,000 billion stars. Our universe is huge!

One way to think about this is by using distance. Distance in space is measured in light years. A
light year is about 6 trillion miles. Our galaxy is about 150,000 light years across. Again, our galaxy is
only one of millions of galaxies. Our universe is so vast it is almost incomprehensible. So, let's not
worry about how big it is, and instead just take a brief look at some basic information concerning
galaxies and space.

So, what is a galaxy? A galaxy is an enormous collection of stars, and these stars are arran
particular shape. There are three main shapes of galaxies:
elliptical, spiral and irregular. Elliptical is oval shaped.
Spiral has arms spiraling outward from a center. Irregular has
no particular shape.

Our galaxy is the Milky Way galaxy. The Milky Way is a
huge collection of stars arranged in a spiral shape. This
picture shows the Milky Way from above. The Milky Way has
a dense central bulge with four arms spiraling outward. The
center of our galaxy contains older red and yellow stars, while
the arms have mostly hot, younger blue stars. Scientists
estimate that the Milky Way probably contains 100 billion
other solar systems and stars.

Distances between the stars and solar systems vary and
involve such high numbers of miles that it is staggering. In The Milky Way Galaxy

. this case, distance is thought of
in light years and parsecs
instead of astronomical units.
A light year is the distance a
photon can travel in one of
Earth's calendar years. This
amounts to S trillion 878
billion-statute
miles(5,878,000,000,000
miles). When the number of
light years gets very large,
parsecs are used; once parsec is
3.26 light years, or 19.2 trillion

ged in a
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miles.

Galaxies also contain giant clouds called nebulae that are spread throughout the galaxy. These
nebulae are clouds of gas and dust. A nebula may be dark or bright. The dark nebulae are vast clouds of
matter that have not yet formed into stars. The bright nebulae may be studded with stars and send forth
brilliant arrays of color. Some bright nebulae are the remnants of supernova, like the Crab Nebula.



Nebulae spin and move and give a galaxy shape. Nebulae can also spin and move and become stars.

Stars are bodies of hot gases. Most stars are composed of hydrogen and helium in their gaseous
state. Stars have their own gravity and this gravity holds the gases together. The gravity pushes inward
and the pressure from the hot gases drives outward, thus creating a balance. The intense heat of a
nebulae star releases energy in the form of light and heat. This is how we are able to see them.

Many stars are hard to see. This is because they come in various sizes. Some, of course, are
much smaller than others. Also, stars are hard to see because they are so far from Earth. About half
of all stars come in pairs with the stars sharing the same gravitational center. These are called binary

stars.

Novas are stars that are not stable; they flare, subside
and flare again. This type of existence has been observed
Just before the star "dies." It is not known if this is part of
the normal life cycle of a star. A supernova occurs when a
star gives up great mass in one giant explosion of light and
energy.

A constellation is a grouping of stars. Hundreds of
years ago, early astronomers divided stars into groups and
made imaginary figures out of them. Things like alionora
scorpion, or a dog were used. This is how constellations
were named. The stars in these constellations are not really
related; they only appear to be as we view them from Earth.
There are 88 constellations in use by astronomers today.
Some of the more well known ones are: Ursa Major (the
Big Dipper is part of it), Orion and Cassiopeia. We
included an activity to help you become more familiar with
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constellations.

Quasars are extremely luminous bodies with a
volume roughly equal to our solar system. A quasar
emits up to 10,000 times the energy of'the entire Milky
Way galaxy. Scientists believe quasars are fueled by
gases such as remnants of stars spiraling into super
massive black holes at the center of galaxies.

A pulsar is known as a pulsating star because it
flashes electromagnetic emissions in a set pattern. The
astronomers
who discovered
a pulsar first
thought Earth
was being sent
signals from
intelligent life

Pulsar

in another solar system.

A black hole probably began as a large star that exhausted
its nuclear fuel and collapsed inward upon itself. The theory is
that if gravitational force builds at the proper rate, the force Black Hole
itself keeps an explosion from occurring. So much matter is compressed into such small volumes that
nothing is allowed to leave because the resulting gravity is so strong. There are no x-rays, ultraviolet
rays, radio waves, or visible light —nothing is coming from this dense body. Ifit can't emit some type of




radiation, itis known as a black hole.

Space Environment Around the Earth

You have probably heard of the aurora borealis and the aurora australis. The aurora borealis (or
northern lights) flashes brilliant colors in varying patterns across the northern skies, and the aurora
australis presents a similar display in the Southern Hemisphere. Observers have determined that these
displays occur at heights ranging from 60 to 600 miles above the Earth's surface. It has also recently
been determined that these displays are associated with a zone of electrically charged layers in the upper
atmosphere called the ionosphere.

The ionosphere is a part of the atmosphere divided by its electrical activity. It gets its name from the
gas particles that are ionized or charged. The ionosphere was discovered early in the twentieth century
when scientists learned that radio waves were transmitted in the atmosphere and were reflected back.

The ionosphere is filled with ions. Tons are atoms that carry a positive or negative electrical charge
as a result of losing or gaining one or more electrons. These ions concentrate in certain parts of the
ionosphere and reflect radio waves.

The ionosphere is caused by powerful ultraviolet radiation from the Sun and the ultra high-
frequency cosmic rays from the stars. This radiation bombards the scattered atoms and molecules of
nitrogen, oxygen and other gases and knocks some of the electrons out of the atoms.

Another region where ions play an important role is in the magnetosphere. The magnetosphere
begins at about 215 miles above the Earth's surface and extends into interplanetary space. The
magnetosphere is characterized by its magnetic field of force, which surrounds the Earth. This force
field is strongest at the poles and weakest at the
equator. Fiasma

The magnetosphere's force field is effected
by solar winds. Solar winds strike the
magnetosphere with such force that it forms a
bow shock wave. The resulting bow shock
wave distorts the Earth's magnetosphere.

Like the ionosphere, the Van Allen
radiation belts are filled with charged particles.
Also like the ionosphere, the Van Allen belts
are caused by the interaction between the Sun
and the Earth. Thus, some scientists regard
these belts as an extension of the ionosphere.
Scientists believe the belts are crescent-shaped
and composed of two shells. The belts dip Regions of the Magnetosphere

toward the Earth's magnetic poles as the charged
particles follow the magnetic lines of force.

The Sun is the primary cause of the Van Allen
belts. The Sun constantly emits charged particles that
sweep outward in all directions and extend for
unknown distances. These particles are mainly protons
and electrons traveling at a million miles per hour. This
speed increases considerably when the Sun is active.

The Sun is considered to be active when solar flares
and other solar disturbances are occurring. When these
Van Allen Belts charged particles encounter Earth's magnetic field,
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many of them are trapped and bounce back and forth between the Northern and Southern Hemispheres.

Some scientists believe that the Van Allen belts are also caused by cosmic rays. Cosmic rays are
energetic charged particles that originate from all over the galaxy. They continually rain down on the
Earth. These atomic particles are mostly electrons and the nuclei of atoms. They travel at nearly the
speed of light and can disrupt spacecraft operations.

Heavy concentrations of radiation are also found within the Van Allen belts. This radiation poses a
hazard to astronauts. If astronauts spend much time in this portion of the magnetosphere they must be
protected with heavy shielding. During the Apollo program, astronauts had to pass through the Van
Allen radiation belts on their way out and on their return trip. However, the exposure time was very
short and insignificant. Orbits of the Space Shuttle are beneath the Van Allen belts, so they don't have to
worry about radiation.

The radiation associated with the Van Allen belts can be damaging even to satellites. However,
many of the orbits are just on the fringe of the belts, so satellites remain functional for many years before
replacement is necessary.

See Activity Five - Astronomy in a Tube
Refer to the Activity Section at the end of the chapter for this activity.

See Activity Six - Measuring the Brightness of the Stars
Refer to the Activity Section at the end of the chapter for this activity.

See Activity Seven - Analyzing Starlight
Refer to the Activity Section at the end of the chapter for this activity.

See Activity Eight - The Expanding Universe
Refer to the Activity Section at the end of the chapter for this activity.

PUT ON YOUR

gaa&mammmwwa@mmwé % %
Everything is part of the universe. Stars, planets, galaxies, plants, animals

and humans are all part of the universe. Space is part of the universe. Spaceisa
place without oxygen and with very little gravity. Temperature and pressure are
much different than on Earth.

Our galaxy is called the Milky Way, and it is spiral shaped. Itis one of the millions of galaxies in our
universe. Itis filled with stars and nebulae. You should remember the definitions of a star, a nebula, a
galaxy and a constellation, and remember some examples of some constellations.

You should also remember some of the characteristics of the ionosphere, the magnetosphere and the
Van Allen radiation belts.




An enormous collection of stars arranged in a particular shape is called a
a. constellation.

b. galaxy.

c. nebula.

d. binary.

2. A grouping of stars named after mythical figures and animals is called a
a. constellation.
b. galaxy.
c. nebula.
d. binary

3. Stars are hot bodies of gases composed of
a. oxygen and nitrogen.
b. hydrogen and oxygen.
¢. hydrogen and helium.
d. helium and oxygen.

4. Small amounts of gravity or low gravity are called
a. astrogravity.
b. microgravity.
c. Newtonian gravity.
d. universal gravity.

5. Which of the following characteristics of space is not accurate?
a. Space begins around 80-90 miles outward from Earth.
b. Spaceis characterized by very little oxygen.
c. Inspace, molecules and atoms are closely spaced and interact frequently.
d. Spaceis generally an area of low gravity.

WAIT! YOU'RE
NOT FINISHED, YET!
THE ACTIVITY PAGE
1S NEXT.



2 SOLAR SYSTEM

Important Terms

solar system - the sun and the bodies that orbit around it

comet - a small icy body orbiting the sun

asteroid - a small rocky body orbiting the sun; usually found in the asteroid belt

meteoroid - clump of dust or rock orbiting the sun

meteor - a small streak of light; when a meteoroid enters the Earth's atmosphere it becomes a meteor
solar flares - short-lived high energy discharges

solar prominences - larger energy discharges that can be thousands of miles high and last for months
sunspots - darker, cooler areas of the sun

When you hear "solar system" what do you think of? Most of us probably think of the planets within
our solar system. Some of us might think about the Sun. These are good responses because they are
part of our solar system. What is our solar system? Our solar system is the Sun, the planets and their
satellites, asteroids, comets and any celestial body that comes under the gravitational influence of the
Sun. This gravitational influence means that these bodies orbit the Sun. All of these parts are
collectively known as our solar system. The word solar means anything pertaining to or proceeding
from the Sun. So, the Sun is the key feature of our solar system. Let's take a moment to talk about the
Sun.

THE SUN

The Sun is the most important element of our solar system. Without its heat and light the Earth
would be a lifeless, ice covered planet. On Earth, the Sun sustains our lives, and it gives energy which
provides food and oxygen. It stirs our atmosphere and initiates our weather.

The Sun is a star. It is the central star of our solar system. All other bodies of the solar system revolve
around it. Because of this, the Sun is the point of reference for most facts about our solar system. When
people talk about distances in our solar system, they tell how far something is from the Sun. For
instance, the Earth is 93 million miles from the Sun. When talking about the size of planets, one often
compares them to the size of the Sun. The Sun is 300,000 times as massive as the Earth. Our solar
system, our world, could not exist without the Sun.

The Sun is a medium sized star, a ball of gas, composed of about 90% hydrogen, 9% helium and
minor amounts of several other elements. Its diameter is 864,000 miles. The Sun's diameter is more
than 100 times the diameter of the Earth. The temperature of the Sun ranges from 4,200° C in its coolest
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regions to over 15 million® C at its center.

As just mentioned, the Sun consists mostly of
hydrogen and helium. The hydrogen is converted
into helium by nuclear fusion. This process
generates and releases the Sun's energy in all
directions, all of the time. It is generally accepted
that the Sun is a giant thermonuclear reactor,
releasing atremendous amount of energy.

The core of the Sun is so hot that no solid or
liquid molecules can exist. Virtually, all atoms
remain in a plasma state. The energy released
within the core has to make its way to the surface, . G )
atom by atom. It's theorized if the Sun's fusion The Sun Showing Solar Prominences
reaction were to suddenly halt, it would take more
than 100,000 years before any effect would show on the surface of the Sun.

The very thin shell of the Sun's outer layer is called the photosphere. This is the part of the Sun that
gives off light. It is also the visible surface that we see. This shell is composed mostly of hydrogen and
helium, and is very hot. Its temperature is more than 10,000°F.

The outer layers of the Sun indicate constant motion and violent activity. Solar disturbances occur
all of the time. Sometimes they last for less than a second, and other times they last for years. These
solar disturbances are usually associated with sunspots. Sunspots are darker, cooler areas of the Sun.
From these sunspots, solar flares and solar prominences occur.

Solar flares are short-lived high-energy discharges, that are
potentially dangerous. They can harm satellites, ground
systems, spacecraft and astronauts. We monitor the Sun's
activity closely so we can react quickly when flares occur. The
less dangerous electromagnetic radiation from a flare will reach
Earth in less than 9 minutes. The more dangerous high-energy
particles may take 15 minutes to 3 days to get here. Space
operators must be prepared to act quickly.

Solar prominences are larger and longer lasting high-
energy discharges. Prominences can reach thousands of miles
and last for months.

Sunspots

See Activity One - Build a Solar Cooker
Refer to the activity section at the end of the chapter for this activity.

THE MOON

The Earth has one Moon and it is situated in an elliptical orbit around the Earth. Because it is
elliptical and not circular, the Moon's distance from the Earth changes slightly. The distance varies
from approximately 252,000 miles at its farthest point to 221,000 miles at its nearest point. The Earth's
Moon has a diameter of about 2,155 miles, which is about ¥4 of the Earth's diameter.

The Moon also rotates on its axis in the same amount of time it takes to orbit the Earth (27 days).
Therefore, the same side of the Moon (near side) always faces the Earth. However, the amount of
surface we see, the phase of the Moon, depends on how much of the near side of the Moon is in the
suntight. One-half of the surface of the Moon is illuminated by the sun, and the other half is in shadow.
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The Earth's Moon

As the Moon rotates around the Earth, its position relative to the sun changes. As seen from the Earth,
this means that a part of the surface of the Moon that is in shadow is facing the Earth. When the Moon is
on the side of the Earth nearer the sun, the Moon is new. When it is on the opposite side of the Earth the
Moonis full.

SeeActivity Two - Seeing the Moon
Refer to the activity section at the end of the chapter for this activity.

See Activity Three - Earth-Moon Distance
Refer to the activity section at the end of the chapter for this activity.

The Moon is a dry and barren place with no
atmosphere or water. It consists mainly of'solid
rock covered with dust.

This fine dust covers the entire surface of
the Moon. There are two theories on how the
dust got there. Some think the impact of
meteoroids striking the surface pulverized
lunar matter into dust, which settled to the
surface slowly and evenly. Others think the
dust is cosmic dust from space that the Moon's
; gravitational pull brought to the surface.

- The Moon has many different kinds of rocks.
We learned this from the lunar landings. Moon
basalt is a dark gray rock with tiny holes from

which gas has escaped. It closely resembles Earth basalt but contains different mineral combinations.
On the Moon, basaltic lava makes up the dark, smooth surfaces of the lunar plains, which cover about
half of the visible side of the Moon.

Probably the most common rock on the Moon is known as anorthosite. This rock is composed
almost entirely of one mineral, feldspar. Anorthosite is found in the highlands of the Moon and shows

The Surface of the Earth's Moon
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up from Earth as the light areas of the Moon. Anorthosite is rare on Earth, but is found in Greenland and
is believed to be an ancient rock.

Primarily, the Moon has two types of terrain, highlands and lowlands. The highlands are filled with
craters surrounded by mountains, and the lowlands are filled with craters that have been flooded with
molten lava and appear as dark areas called maria (Latin for sea).

A Moon day lasts 27 Earth days, so daytime on the Moon lasts about 13-14 Earth days.
Temperatures can rise above 250° F during the day. Nighttime also lasts 13-14 Earth days, and the
temperatures can go below -250° F.

See Activity Four - Lost on the Moon - Survival
Refer to the activity section at the end of the chapter for this activity.

THE PLANETS

Our solar system contains nine planets. Most of us can
probably name them, and are somewhat familiar with them.
Let's take a few moments and look at some interesting facts about
each planet. They are listed in order of their distance from the
sun, beginning with the closest.

Mercury

Mercury is the closest planet to the Sun, yet it is the most
difficult to see because of the Sun's glare on it (Don't look for
Mercury while the Sun is in the sky. It could damage your
eyes). Mercury is slightly larger than the Earth's Moon and is
the second smallest of the nine planets.

Mercury is only 36 million miles from the Sun and
revolves around the Sun every 88 days. It has a very elliptical
orbit, and it moves about 30 miles every second. Mercury
rotates very slowly, taking 59 Earth days to rotate on its axis.

Mercury

Mercury has a rocky, crusty surface with many
craters resembling the craters of the Earth's Moon.
Many of these craters were formed when rocks crashed
into the planet. Mercury also has many lava flows and
quake faults on its surface. These craters, flows and
faults have shaped the surface of the planet.

Except for small amounts of helium and hydrogen,
Mercury has no atmosphere. Scientists believe that
Mercury has an iron core that extends through most of
the planet. Mercury has significant temperature
differences. Its daytime temperature reaches 800°F,
while its nighttime temperatures reach -300°F.
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Pictures of Mercury's surface were taken from the Mariner 10 spacecraft that made flybys in 1974
and 1975. Mariner 10 was the only spacecraft to visit Mercury. The pictures displayed Mercury's many
craters and loose, porous soil.

Venus

Next, is Venus. It is the closest planet to Earth in both
distance and size and is often referred to as Earth's sister.
Venus is 67 million miles from the sun. It takes 225 days to
revolve around the sun. It is a very hot planet with
temperatures in excess of 850°F. In fact, Venus is the hottest
planet in the solar system.

Even with the heat, Venus is covered with clouds. These
clouds are made of water vapor and sulfuric acid, and they
rotate at a different rate than the planet. These clouds rotate
every four days; much faster than the 243 Earth days it takes
for Venus to rotate on its axis. By the way, Venus is the only
known planet to rotate in a clockwise manner.

Venus

The atmosphere is 96% carbon dioxide and 4% nitrogen. There are also small amounts of water,
oxygen and sulfur. Scientists believe volcanic activity is responsible for the sulfur found in the
atmosphere. Because of this thick layer of carbon dioxide and the clouds, the heat cannot escape.
Therefore, there is very little temperature change on Venus.

The surface of Venus is a relatively smooth, hot desert. It does have some highlands and craters too.
Venus is the easiest planet to see at night and is the brightest of all. You can even see it in the daytime if
you know where to look. Since it is the brightest planet that can be seen from Earth, Venus is referred to
as the Evening Star.

Since Venus is the closest planet to Earth, it is also the most visited by our spacecraft. Mariner 2,5
and 10 visited Venus, as did Pioneer 1 and 2. The USSR's Venera 9 and 10 also visited Venus.

The Magellan spacecraft orbited Venus in 1990. It collected radar images of 84 percent of the
planet's surface. Asaresultof the mission, it was verified that volcanic materials cover most of Venus.

Earth

As far as we know, Earth is the only planet that sustains life.
Therefore, it is a unique planet. Our atmosphere contains 78% nitrogen
and 21% oxygen, with small amounts of argon, carbon dioxide, neon,
helium, ozone and hydrogen. This atmosphere provides the oxygen that
we breathe and keeps the temperature of water liquid, so that life 1s
possible.

Our atmosphere also acts like a protective blanket. It contains clouds,
and these clouds, along with the chemical composition of the atmosphere,
help absorb some of the sun's radiation.

The surface of our planet is covered with over 67% water, with the Pacific Ocean accounting for
over 50% all by itself. Also, we have anywhere from smooth pastures, to plateaus and small hills, to
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tremendous mountains. We have lush forests and barren deserts. Our planet sustains not only human
life, but plant life and animal life too. We revolve around the sun in 365 days, and we rotate on our axis
every 24 hours.

Mars

Of all of the planets, Mars probably fascinates us the most. Over the
years, it has been the most publicized in books and movies, and just
about everyone knows it as the Red Planet. This is due to its red color
which can be seen even with the naked eye. This color is due to the
rock and dust covering the surface of Mars. It has been analyzed and
found to have a high iron content, so it has a rusty look.

The surface of Mars is dry and rocky and is covered with this reddish
dust. Even the deserts of Mars have ared tint to them. The atmosphere
is very thin and is composed mainly of carbon dioxide. Mars has about
half of the gravity of Earth, so when the wind blows, the dust from the
surface rises and gives the atmosphere a reddish pink appearance.

The surface of Mars is covered with deserts, high mountains, deep
craters and huge volcanoes. One of Mars' volcanoes is the highest known mountain in our solar system.
Itis over 400 miles across and 17 miles high. (that is about 90,000 feet high)

The atmosphere of Mars consists of 95% carbon dioxide, 3% nitrogen and traces of oxygen, carbon
monoxide and water. Daytime temperatures on Mars reach 65°F, while nighttime temperatures can dip
to-130°F. These temperatures were recorded from Mars' surface.

One day on Mars lasts slightly longer than it does on Earth, at 24 hours 37 minutes. A Martian year is
almost twice as long as an Earth year— about 687 Earth days.

In the mid to late 1960s, the Mariner spacecraft made flybys of Mars and took lots of photos.
Pictures revealed Mars' surface to be like the Earth's Moon. Then in the mid 1970s another probe,
Viking I, touched down on Mars. The primary mission of Viking I and Viking 2 was to determine if life
ever existed on Mars. Unfortunately, the experiments were inconclusive even though more water
was found on Mars than had been expected.

In July 1997, the space probe called the Mars
Pathfinder landed on Mars. The next day the
Pathfinder's rover, Sojourner Truth, began its
exploration of the planet. The Sojourner was two
feet long and one foot tall. It studied the surface,
analyzed the soil and rocks and conducted scientific
experiments on Mars.

Some people believe that Mars may have the right
ingredients for life. Next to Earth, it certainly has the
most favorable conditions of any of the other planets
in our solar system. However, it has less than 1% of
Earth's pressure and water content. There is much
evidence of water on Mars, but it is frozen. Scientists
believe that there are indications that at some point,
long ago, liquid water flowed on Mars. Again,
according to evidence from Sojourner, now all of the
water on Mars is frozen. Obviously, that becomes a critical point for any further exploration or even
colonization of Mars.

Mars

Sojourner Truth
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Jupiter

Jupiter is the largest planet in our solar system. It has three times
the mass of all of the other eight planets put together. This equates
to Jupiter being about 11 times larger than Earth. Even though
Jupiter is huge, it rotates very quickly, about every ten hours. This
causes a flattening effect at the poles and a bulging effect at the
equator. This fast rotation also enhances the weather patterns on
Jupiter. Itcreates high winds and giant storms.

Jupiter is a gas giant. Hydrogen is the most prominent gas (about
90%), followed by helium, methane and ammonia. The outer core
of Jupiter is composed of liquid hydrogen and helium, and these

mix with the gaseous atmosphere to form belts of clouds. These belts are very colorful, but change
rapidly due to the high winds associated with the quick rotation of the planet. These belts make Jupiter
look like a striped ball with a giant red spot in the lower half. The Giant Red Spot is a distinguishing
feature of Jupiter. This spotis a giant storm that is 30,000 miles long and 10,000 miles wide.

Another feature of Jupiter is the moons. There are 16 known moons, with four that are much larger
than the rest. These four are called the Galilean moons, named after their discoverer, Galileo. One of
these moons has active volcanoes.

A couple of other facts about Jupiter involve its revolution around the sun and its temperatures.
Jupiter revolves in about 11 Earth years, and the temperature ranges from over 60,000°F atits center, to -
220°F at the upper cloud layers.

The Pioneer probes, launched in the 1970s, were the first to visit Jupiter. They discovered that
the banded structure of the atmosphere was not present near the poles. The poles had a thick blue-
sky atmosphere. Detailed studies showed rapid motions among the clouds and changes in the wind
speeds.

A great deal of atmospheric activity on Jupiter is similar to that of Earth. However, Jupiter's storms
seem to be powered by the planet itself rather than by the Sun as they are on Earth. Jupiter's highly
compressed hydrogen at its center causes the planet to emit almost 70 percent more heat than it absorbs
from the Sun. This leads scientists to speculate that the source of Jupiter's stormy turbulence is the
planet itself.

Beginning in 1979, Voyager probes were launched to study the outer planets. Additional moons of
Jupiter were discovered, raising the total of moons orbiting Jupiter to 16. Four of these moons are large
enough to see with high-powered binoculars. One of these moons, Io, was found to have volcanic
activity. This was the first evidence of volcanic activity outside of Earth.

Jupiter

Saturn

When we think of Saturn we think of its rings.
The rings are easily the most recognizable features
of Saturn. Through a telescope, the rings are
spectacular! They are made of icy chunks of rock
ranging from tiny particles to large boulders. The
main rings are made up of hundreds of narrow
ringlets. The entire ring system is about one mile
thick and extends about 250,000 miles from the
Saturn planet. There are seven distinct rings around
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Saturn. The first five were discovered by Galileo in 1610, and the final two were discovered by the
Pioneer spacecraft.

The planet itself has an icy rock core surrounded by metallic hydrogen with an outer layer of
hydrogen and helium. The hydrogen and helium are mainly liquid and turn to gas as they get to the outer
surface.

Saturn is a large planet, though not nearly as large as Jupiter. Like Jupiter, Saturn rotates at a very
fast 10 hours. However, it takes over 29 years to revolve around the Sun. Also like Jupiter, the
combination of fast rotation and gaseous and liquid atmosphere create very strong winds, clouds and
storms. The winds of Saturn have been known to reach 1,100 miles per hour.

The temperatures of Saturn do not vary as much as many of the other planets. During the day it gets
up to 130°F and at night, down to -330°F. These numbers translate into 73° C and -200° C, which is
approaching absolute zero. Saturn is about 900 million miles from the Sun.

Saturn has 18 known moons, 17 of which are covered with craters and icy surfaces. The one
exception is Titan, which has an atmosphere of nitrogen and methane. It is the only moon in our solar
system to have its own atmosphere.

Pioneer and Voyager passed by Saturn in the late 1970s and early 1980s and produced much
information about the planet. For instance, in was found that Saturn's outermost region contained its
atmosphere and cloud layers. Saturn's three main cloud layers are thought to consist of (from top down)
ammoniaice,ammonia hydrosulfide ice, and waterice.

Uranus

Uranus is the third largest planet in our solar system, and like
Jupiter and Saturn, it is a gas giant. Uranus has a rocky core
surrounded by water, ammonia and methane, in both ice and
liquid form. The outer layer consists of hydrogen and helium
gases. There is also methane in the upper atmosphere, and this
gives Uranus a bluish greenish color.

Uranus is about 1.7 billion miles from the Sun, about twice
as far as Saturn. It has only been since the mid 1980s that we
have been able to increase our knowledge of Uranus. This of
course was due to the US unmanned space flight to Uranus. Uranus

It takes Uranus 84 years to revolve around the Sun, and it rotates in about 18 hours. Because Uranus
is tilted 60° on its axis, daylight lasts 42 years followed by 42 years of night. This means that even
though the planet is rotating on its axis every 18 hours, it continues to face the sun light for 42 years
because of the 60° tilt.

Like Saturn, Uranus has rings around it. It actually has 11 very narrow and black rings. They are
made of chunks of rock and are very dark and hard to see. Additionally, Uranus has 15 moons. These
moons are made of rocks and ice.

The temperature is about -340°F on Uranus. Its environment is super cold because hardly any solar
radiation reaches Uranus.

Neptune

Neptune is the outermost of the gas planets and is the fourth largest planet in our solar system. It was
discovered in 1846 when scientists determined that something was affecting the orbit of Uranus.
Neptune and Uranus are so similar they are sometimes called twins.

Neptune is about 3 billion miles from the Sun and it takes 165 Earth years to complete an orbit. A
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Neptune day lasts about 19 hours. The planet has a rocky core
surrounded by water, ammonia and methane. The atmosphere
consists of hydrogen, helium and methane. The methane gives
Neptune a bluish color.

Pictures of the planet show bright clouds of methane ice crystals
are present. Pictures also indicate that Neptune has a very thin, faint
ring system, which is hard to detect.

Neptune is a windy planet, the most windy in our solar system. It
has recorded winds of 1,500 miles per hour. Storms similar to those
on Jupiter were found during Voyager missions. Several large dark
spots were found during the missions. The largest of the storms, the
Great Dark Spot, is about the size of the Earth.

The ring system around Neptune is narrow and very faint. The rings are composed of dust particles
that scientists believe were made by tiny meteorites smashing into Neptune's moons. Neptune has eight
moons, and on the largest one a temperature of -391 °F has been recorded.

Triton is approximately three-fourths the size of Earth's Moon and circles Neptune in 5.875 days.
Voyager 2 showed active geyser-like eruptions on Triton spewing invisible nitrogen gas and dark dust
particles several kilometers into space.

Neptune

Pluto

Astronomer Clyde Tombaugh discovered Pluto in
February 1930. Less is known about Pluto than any
other outer planet. It is yellowish in color and rotates
on its axis in about 6.5 Earth days.

Pluto is the smallest of all of the planets in our solar
system, and it is also the farthest from the Sun. Pluto is
almost 4 billion miles from the Sun. Pluto is a dark and
frozen planet. It has a rocky core with a water and ice
layer above the core. The surface is made up of methane
frost.

Pluto has one moon, Charon, which is half the size
of Pluto. This sometimes makes it difficult to tell the

two apart. Charon's rotation period is the same as Pluto
Pluto's, so they travel in synchronous orbit together.

However, they spin in opposite
directions.

A distinctive fact about Pluto is its
strange orbit. Itis more elongated than
any of the other planets, and
sometimes is actually closer to the Sun
than Neptune.

Other Bodies
Asteroids, comets and meteoroids

. are part of our solar system and
Asteroids therefore orbit around the Sun.
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Collectively, they are thought of as debris orbiting in space. You
might wonder why they are important to us. Well, one reason is
safety. Space planners and space travelers need to consider these
phenomena as they prepare to go deeper into space. Let's take a
quick look at each of these individually and learn a little more about
them.

Asteroids are chunks of rock that range in size from particles of
dust to some that are a few hundred miles across. Most asteroids
travel in an orbit between Mars and Jupiter. This area is known as
the asteroid belt.

The first asteroid was discovered an Italian astronomer,
Guiseppe Piazi, in 1801. Since that time, more than 15,000
asteroids have been found and catalogued. Scientists speculate that
there are probably millions more of them in our solar system.
Scientists know of more than 200 asteroids whose orbits come close
to our Earth and are capable of hitting us. However, the closest any
have come is about 100,000 miles. Scientists know of more than Comet
200 asteroids whose orbits come close to our Earth and are capable
of hitting us. However, the closest any have come
i1s about 100,000 miles.

Spacecraft have flown through the asteroid
belt and found that large distances separate
asteroids. In October 1991, Gaspra was visited
by the Galileo spacecraft and became the first
asteroid to have high-resolution images taken of
it. Gaspra is composed of metal-rich silicates and
looks like a lumpy potato-shaped rock.

In 1997, the spacecraft Near Earth Asteroid
Rendezvous (NEAR) made a high-speed, close
encounter with the asteroid Mathilde. Scientists
found Mathilde to be a carbon-rich asteroid.
NEAR went on to encounter the asteroid Eros in

Meteor Shower 1999-2000. Eros had numerous boulders
protruding above the surrounding surface.

Earth-based observations of asteroids continue too. In May 2000, scientists observed Kleopatra
with the 1,000 foot telescope of the Arecibo Observatory. Kleopatra was a metallic, dog bone-shaped
rock the size of the state of New Jersey.

A comet is described as a giant dirty snowball. It is irregularly shaped with a tiny nucleus
composed of frozen gases, water, dust and icy lumps. Comets are usually a few miles across. Comets
generally travel around the outer regions of our solar system, but sometimes they are bumped off their
orbit and head toward the sun. As they approach the Sun, comets usually grow in size and brightness. As
the comet moves closer to the Sun, the comet's ice parts begin melting into a gaseous and dusty tail that
can extend for millions of miles.

Sometimes, comets remain in their new orbits and repeat their journey. Thence, scientists can
sometimes predict future comet's travel paths. For instance, Halley's Comet reappears every 76 years.

English astronomer Sir Edmund Halley first suggested that comets were members of our solar
system. After studying bright objects in the sky, he predicted the appearance of a comet in 1758. When
it appeared the comet was named after him. Halley's comet continues to make regular appearances in
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our skies. Itlast approached the Sunin 1996.

Very small, dust-particle size bits of matter are called micrometeorites. From this size upward,
these tiny particles of dust and sand are called meteoroids. Meteoroids are usually leftover from a
comet. If a meteoroid enters the Earth's atmosphere it is called a meteor. If the meteor is large enough to
penetrate our atmosphere and actually hit the surface of the Earthitis called a meteorite.

Meteorites are not that common, but they have occurred. However, meteors are very common.
Friction causes a meteor to heat and glow and begin to disintegrate leaving a trail of luminous matter.
When there are many meteors seen in the sky within a period of an hour, it is called a meteor shower.
Meteor showers are also referred to as shooting stars. They can be seen on just about any night if you get
out in the country away from the city lights.

Meteorites are the pieces of matter that remains when debris does not burn up completely as it
passes through the atmosphere and lands on the surface of the planet. Scientists believe many
meteorites hit the Earth each year, but it is rare to actually see it happen. Most meteorites are
basketball-size or smaller, but larger pieces can and do impact the surface of the Earth. Some
meteorites are small pieces of an asteroid; others have proved to be material blasted off the surface of
the Moon following an impact on its surface. Other meteorites have been determined to originate on
Mars.

The recent recovery of a carbonaceous chondrite meteorite from the Yukon has excited scientists who
say that its very primitive composition and pristine condition may tell us what the initial materials were
like that went into making up the Earth, Moon and Sun. Only about two percent of meterorites are
carbonaceous chondrites containing many forms of carbon and organics, the basic building blocks of
life. This type of meterorite is easily broken down during entry into the Earth's atmosphere, so recovery
is quite rare.

See Activity Five - Solar System Model
Refer to the activity section at the end of the chapter for this activity.

>
See Activity Six - How Old Are You?
Refer to the activity section at the end of the chapter for this activity.
>
See Activity Seven - Meteoroids and Space Debris
Refer to the activity section at the end of the chapter for this activity.

This chapter was about the solar system. Its a good idea to know how
to define a solar system and to know the key members of our solar system.
This includes our nine planets and the other bodies that orbit our Sun.
Additionally, it is worthwhile to know a few of the facts about each of the
planets in our solar system.
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YOU'LL BE

FLYING HIGH IF
YOU CAN ANSWER
THESE!

REVIEW QUESTIONS

L e e e e

1. A solar system is defined as
a. asmall icy body orbiting the Sun.
b. the Sun and the bodies that orbit around it.
c. darker, cooler areas of the Sun.
d. short-lived, high energy discharges.

2. When a meteoroid enters into the Earth's atmosphere it is called
a meteor.

a meteorite.

an asteroid.

a solar flare.

oo

3. Which of the following statements about Venus is true?

a. Venus rotates in a clockwise manner.
b. Venus is composed of 78% nitrogen.
c. Venus is known for its giant red spot.
d. Venus is about 3 billion miles from the Sun.
4. Which planet is a dark and frozen planet 4 billion miles from the Sun?
a. Mercury.
b. Pluto.
c. Saturn.
d. Venus.
5. Which planet is known as the windiest planet in the solar system?
a. Earth.
b. Mars.
c. Neptune.
d. Uranus.

STRAIGHT
AHEAD FOR
THE ACTIVITY
SECTION.
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